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Abstract
A thorough endoscopic visualization of the digestive 
mucosa is essential for reaching an accurate diagnosis 
and to treat the different lesions. Standard white light 
endoscopes permit a good mucosa examination but, 
nowadays, the introduction of powerful endoscopic 
instrumentations increased ability to analyze the finest 
details. By applying dyes and zoom-magnification en-
doscopy further architectural detail of the mucosa can 
be elucidated. New computed virtual chromoendos-
copy have further enhanced optical capabilities for the 
evaluation of submucosal vascolar pattern. Recently, 
confocal endomicroscopy and endocytoscopy were 
proposed for the study of ultrastructural mucosa de-
tails. Because of the technological contents of powerful 
instrumentation, a good knowledge of implemented 
technologies is mandatory for the endoscopist, nowa-
days. Nevertheless, there is a big confusion about this 
topic. We will try to explain these technologies and to 
clarify this terminology.
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INTRODUCTION
The need of  an ever-growing earliness in detection of  
digestive malignant lesions has led the endoscopy onto 
a new high-technology course through the development 
of  the so-called powerful endoscopy. Keeping pace with 
the rapid developments in technology, the optical fea-
tures of  these new powerful endoscopes offer a resolu-
tion that allows the visibility of  new surface details.

The new powerful digestive endoscopy enables to 
perform high-resolution endoscopy, high-magnification 
endoscopy (magnifying or zooming), computed virtual 
chromoendoscopy (CVC), confocal laser endoscopy 
(CLE), and endocitoscopy.

Some of  these techniques increase diagnostic per-
formances through resolution improvement, while other 
techniques through modifying the chromatic spectrum 
of  the endoscopic picture. In some cases the augmented 
vision is due to the charge coupled device (CCD) fea-
tures, in some other is due to the features of  the central 
processor unit (CPU).

Because of  the specific contents of  powerful instru-
mentation, a good knowledge of  implemented technolo-
gies is mandatory for the endoscopist, nowadays. Never-
theless, there is a big confusion about the technological 
terminology, despite the number of  papers on the matter 
that are, sometimes, inaccurate. In this editorial, we will 
try to explain the technologies implemented in powerful 
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endoscopes, clarifying some terms often abused, some-
times misused.

HIGH-RESOLUTION AND HIGH 
MAGNIFICATION ENDOSCOPY
The video capabilities of  color images of  standard defi-
nition (SD) endoscopes are based on traditional televi-
sion (TV) broadcast formats[1,2]. The SD signals offer 
images in a 4:3 aspect ratio, with image resolutions of  
640 to 700 pixels width by 480 to 525 pixels or ‘‘lines’’ 
height (approximately 367.000 pixels)[2]. SD endoscopes 
are equipped with CCD chips that produce an image 
signal of  100 000 to 400 000 pixels, which are displayed 
in the SD format. Advances in CCD technology have 
resulted in smaller CCDs with an increased number of  
pixels and increased resolution. The CCDs used in cur-
rent so-called high-resolution or high-definition (HD) 
endoscopes produce signal images with resolutions rang-
ing from 850 000 pixels to more than 1 million pixels.

A HD and high resolution image is generally de-
fined as having a resolution higher than 650 to 720 lines 
(height)[3]. Moreover, images may be progressive or in-
terlaced. With progressive (p) images, lines are scanned 
consecutively and the image is painted 60 times per 
second, whereas with interlaced (i) images, every other 
line is scanned and the image is painted in 2 passes at 30 
times per second each.

HD video imaging can be displayed in either TV or 
computer monitor formats. The 16:9 aspect ratio is not 

useful to display images from round endoscopic lenses. 
Traditionally, endoscopic images are displayed in a 4:3 
aspect ratio to match the standard aspect ratios of  SD 
TV and because this ratio provides the highest pixel den-
sity and resolution possible given the lens shape. Display 
in computer monitor formats use progressive scanning 
and is not restricted by broadcast HD formats or aspect 
ratios. Monitors had traditionally 4:3 aspect ratios but 
recently 5:4 ratios have become more popular. Current 
high resolution endoscopic CCDs display images in ei-
ther 4:3 or 5:4 aspect ratios[3].

It is important to recognize that, to provide a true HD 
image, each component of  the system (e.g., the endoscope 
CCD, the processor, the monitor, and transmission cables) 
must be HD compatible. Three different high-resolution 
endoscope systems are currently commercially available: (1) 
Olympus high-resolution endoscopes are designed based 
on the commercial availability of  TVs and recorders for 
output onto HDTVs. The output from the endoscope is 
enhanced to 1080i; however, the endoscopic image itself  
is displayed within a 1280 × 1024-pixel frame; (2) Fujinon 
high-resolution endoscopes are designed for output onto 
computer monitors. The first Fujinon CCD chips were 
1077 × 788 pixels and their output was equivalent to XGA 
monitors[2]; however, current endoscopes have an output 
of  1280 × 960 pixels. The actual resolution of  the CCD 
is proprietary. The latest processors enhance the image to 
1080 i; and (3) Pentax Medical high-resolution endoscopes 
are designed for output onto computer monitors. The 
Pentax CCD provides 1280 × 1024 pixels and displays at 
native resolution.

High-resolution endoscopes magnify the endoscopic 
images 30 to 35 times. Zoom endoscopes are defined by 
the capacity to perform optical zoom by using a movable 
lens in the tip of  the endoscope[4]. The optical zoom 
provides a closer image of  the target while maintaining 
image display resolution (Figure 1). This is distinguished 
from electronic magnification, which simply moves the 
image closer on the display and results in a decreased 
number of  pixels composing the area of  display, with no 
improvement in resolution (Figure 2)[5]. With a suitable 
processor, conventional endoscopes provide an electron-
ic magnification of  1.5 to 2. Although standard endo-
scopes magnify images 30 to 35 times, zoom endoscopes 
can optically magnify images up to 150 times, depending 
on the size of  the monitor.

COMPUTED VIRTUAL CHROMOENDOSCOPY
CVC is a real-time, on-demand endoscopic imaging tech-
nique that, adjusting the spectroscopic characteristics of  
the videoendoscopic systems through a frame sequential 
lighting method[6], allows to enhance visualization of  the 
vascular network and mucosal surface texture in an ef-
fort to improve tissue characterization, differentiation, 
and diagnosis. CVC is considered a potential alternative 
to traditional chromoendoscopy, providing contrast en-
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Figure 1  Zoom endoscopes perform optical zoom by using a movable 
lens in the tip of the endoscope: This system provides a closer image of 
the target while maintaining image display resolution.

Figure 2  Electronic magnification simply moves the image closer on the 
display and results in a decreased number of pixels composing the area 
of display, with no improvement in resolution.



hancement of  tissue surface structures, although it has 
not been studied as extensively as chromoendoscopy. 
Three different CVC systems are now commercially 
available: the Olympus Narrow Band Imaging (NBI), the 
Fujinon Intelligent Color Enhancement (FICE), and the 
Pentax iScan.

Standard videoendoscope systems use the entire 
spectrum of  visible light (400-700 nm). These white-
light imaging endoscopic systems are designed to simu-
late daylight, thus allowing examining the tissues in their 
natural colors. This kind of  videoendoscopic images can 
be obtained by one of  two different systems: red-green-
blue (RGB) sequential and color CCD[7].

In the RGB sequential system, the light from a xenon 
arc lamp is filtered through a rotating broadband RGB 
filter located between the lamp and the endoscope’s light 
guide in order to obtain sequential bursts of  red, green, 
and blue light that give rise to the visual strobe effect. 
After tissue illumination, the reflected red, green, and 
blue tissue images are sequentially captured by a mono-
chromatic CCD at the tip of  the endoscope and trans-
mitted to a video processor. The 3 images are fed into 
the electron guns that illuminate respectively the red, 
green, and blue phosphor dots on the monitor to create 
a final composite image in full natural color[8].

The color CCD system use a micromosaic color filter 
mounted over the CCD itself. Continuous white-light il-
lumination from the xenon lamp is delivered to tissue by 
the endoscope’s light guide, and the reflected light and 
image created on the CCD surface is then processed by 
circuitry in the video processor before display. Similar to 
the RGB system, tissue structures that heavily reflect the 
red, green, and blue light are displayed on the R, G and 
B video channels on the video monitor, respectively[8].

The NBI system (Olympus Medical Systems, Tokyo, 
Japan) emphasizes the mucosal microvasculature and is 
able to identify vascular alterations indicating pathologic 
conditions[9-12]. In the NBI system, narrow bandpass 
filters are placed in front of  a conventional white-light 
source in order to produce a contrast between vascular 
structures and the surrounding mucosa.

When compared to the initial 3-band NBI proto-
types, currently available NBI systems use just 2 differ-
ent narrow band filters[8]: (1) The first filter provides 
tissue illumination in the blue spectrum of  light at 415 
nm, emphasizing capillaries in the superficial mucosal 
layer and showing them in brown; and (2) The second 
filter provides tissue illumination in the green spectrum 
of  light at 540 nm; this wave-length corresponds to the 
secondary hemoglobin absorption peak, and emphasizes 
deeper mucosal and submucosal venular vessels display-
ing them in cyan.

The NBI system can be coupled with electronic or 
optical (zoom) magnification for enhanced visualization 
of  mucosal details. The FICE system (Fujinon, Saitama, 
Japan) is merchandised as a digital image processing 
technique enhancing the mucosal surface structures by 
using selected wavelengths of  light in reconstituted vir-

tual images.
Unlike NBI (that uses optical filters), the FICE sys-

tem is software-driven and uses an image processing 
algorithm that is based on spectral estimation meth-
ods. In this technology, developed by professor Yoichi 
Miyake[13], a standard image captured by a color CCD 
videoendoscope is sent to a spectral estimation matrix 
processing circuit contained in the EPX 4400 video 
processor. Here, the various pixels spectra correspond-
ing to the conventional image are mathematically esti-
mated. Because the pixels spectra are well known, it is 
possible to implement imaging on a single wavelength. 
Such single-wavelength images are randomly selected, 
and assigned to red, green and blue respectively, to build 
and display a CVC-enhanced color image. The digital 
processing system is able to switch between an ordinary 
image to a FICE image immediately simply pressing a 
button on the handle of  the endoscope. It is possible to 
select the most suitable wavelengths for examination be-
cause of  the system’s variable setting functions, with up 
to ten preselect settings.

These ten presets can also be customized and config-
ured from a very large number of  wavelength permuta-
tions, because any of  60 wavelengths (400 to 695 nm, in 
increments of  5 nm) can be input into any of  the 3 (RGB) 
channels[14]. A push button on the handle of  the endo-
scope can be programmed to enable switching between 
the conventional white-light image and the correspond-
ing FICE image of  a single specified preset.

The FICE system can also be coupled with electronic 
or optical (zoom) magnification for enhanced visualiza-
tion of  mucosal details. iScan (Pentax, Tokyo, Japan) is 
the latest CVC technology developed and is merchan-
dised as a digital contrast method among endoscopic 
imaging techniques[15].

This CVC system has three modes of  image en-
hancement: (1) Surface Enhancement (SE) enhances the 
structures through recognition of  the edges; (2) Contrast 
Enhancement (CE) enhances the depressed areas and 
differences in structure through colored presentation 
of  low density areas; and (3) Tone Enhancement (TE) 
enhances individual organs through modification of  the 
combination of  RGB components for each pixel.

SE and CE are possible switching between three en-
hancement levels (low, medium and high). TE is possible 
switching between three objects (esophagus, stomach 
and colon). The three modes (SE, CE and TE) are ar-
ranged in series, therefore, it is possible to apply two or 
more of  these three modes at one time. Switching the 
levels or modes of  enhancements can be done on a real-
time basis, without any time lag by pushing a button, 
thus enabling an efficient endoscopic observation[16].

With SE, the difference in luminance intensity be-
tween the pixels concerned and the surrounding pixels is 
analyzed and the edge components are enhanced. With 
ordinary enhancement, minor changes in structure can 
be perceived as noise. Adjustment of  the noise erasure 
function allows more evident enhancement of  the edg-
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es[17]. When compared to normal images, SE images do 
not differ in brightness and differ little in color.

With CE, areas of  lower luminance intensity are 
compared to surrounding pixels and identified on the 
basis of  pixel-wise luminance intensity data, followed by 
relative enhancement of  the B component through the 
slight suppression of  R and G components in the low 
luminance area. As a result of  CE, the low luminance 
area is stained in slightly bluish white, and minute irregu-
larities on the mucosal surface are enhanced[18]. This im-
ages processing do not cause a change in image bright-
ness or a marked change in the color of  the images. It 
causes only a slight bluish-white staining of  depressed 
areas.

With TE, the RGB components of  the endoscope 
image are disintegrated into each component (R, G and B) 
which are converted independently along the tone curve, 
followed by a re-synthesis of  the three components in 
order to yield a reconstructed image. The tone curve is 
depicted by plotting input (on the x axis) against output 
(on the y axis). The tone curve can be changed into vari-
ous forms, by modifying of  the parameters, into S and 
J types. If  the tone curve assumes an S type, the high 
R-component area is shifted to a further higher range of  
R to enhance the color tone R, or the low R-component 
area is shifted to a further lower range of  R to elevate 
the sensitivity to GB components, thus allowing clear en-
hancement of  the differences in color tone. If  the tone 
curve assumes a J-type form, the R component is shifted 
completely to a low R range, to elevate the overall sen-
sitivity to GB components and the brightness/darkness 
contrast[16-19].

In conclusion, there have been no reported complica-
tions attributed to the use of  NBI, FICE or iScan[8]. The 
costs of  endoscope systems supplied with CVC is higher 
than those with white light but no formal cost analyses 
have been reported on this topic. Moreover, there are no 
unique CPT* (Current Procedural Terminology) codes 
for NBI, FICE or iScan[8].

CONFOCAL LASER ENDOSCOPY
CLE is a new endoscopic technology, developed to ob-
tain high-resolution images of  gastrointestinal mucosa, 
based on tissue illumination with a low-power laser with 
subsequent detection of  the fluorescence light reflected 
from the tissue through a pinhole[20]. The term confocal 
refers to the alignment of  both illumination and collec-
tion systems in the same focal plane[21]. The laser light is 
focused at a selected depth in the tissue of  interest and 
reflected light is then refocused onto the detection sys-
tem by the same lens. Only the returning light refocused 
through the pinhole is detected. The light reflected and 
scattered at other geometric angles from the illuminated 
object or refocused out of  plane with the pinhole is 
excluded from detection[22]. This dramatically increases 
the image resolution, providing almost a histological 
examination, a kind of  optical biopsy, of  the superficial 

layer of  the digestive tract[23-25]. Confocal imaging can 
be based on tissue reflectance or tissue fluorescence. 
The confocal devices based on tissue reflectance do not 
require any contrast agents, but have many technical 
problems and low resolution, compromising clinical util-
ity[24,26]. Whereas, confocal endomicroscopy based on tis-
sue fluorescence uses local and/or intravenous contrast 
agents and generates high-quality images comparable 
with traditional histology[27,28].

Two kind of  confocal endoscopes are today com-
mercially available. The first model is integrated into 
the distal tip of  a conventional upper endoscope (EG-
3870CIK; Pentax, Tokyo, Japan) or colonoscope (EC-
3870CILK; Pentax). The second type uses a dedicated 
confocal miniprobe with laser microscope (Mauna Kea 
Technologies, Paris, France) inserted through the ac-
cessory channel of  a traditional endoscope. All these 
instruments have CE code and US Food and Drug Ad-
ministration authorization and provide different depths 
of  imaging, field of  views, and lateral resolutions.

The Mauna Kea confocal gastro-intestinal miniprobes 
include CholangioFlex, GastroFlex (standard and UHD) 
and ColoFlex (standard and UHD). All probes generate 
dynamic images, with 12 frames per second and are reus-
able approximately for 20 studies. The depth of  imaging 
is 40 mm to 70 mm for CholangioFlex probes, 70 to 130 
mm for GastroFlex and ColoFlex probes, and 55 to 65 
mm for GastroFlexUHD and ColoFlexUHD probes. 
The maximal field of  view is 325 mm for CholangioFlex 
probes, 600 mm for GastroFlex and ColoFlex probes, 
and 240 mm for GastroFlexUHD and ColoFlexUHD 
probes. The lateral resolution is 3.5 mm for Cholangio-
Flex, GastroFlex, and ColoFlex probes, and 1 mm for 
GastroFlexUHD and ColoFlexUHD[29,30].

The Pentax confocal microscope integrated into the 
conventional endoscopes acquires images at a scan rate 
of  1.6 frames per second (1024 × 512 pixels) or 0.8 
frames per second (1024 × 1024 pixels) with an adjust-
able depth of  scanning ranging from 0 mm to 250 mm, 
a field of  view of  475 × 475 mm, a lateral resolution of  
0.7 mm, and an axial resolution of  7 mm[31,32].

The fluorescent contrasts for CLE can be adminis-
tered intravenously or topically. Intravenous fluorescein 
(Pharmalab, Lane Cove, New South Wales, Australia) 
distributes throughout the extracellular matrix of  the 
surface epithelium and lamina propria but does not 
stain cell nuclei[21]. Topically administered acriflavin 
(Sigma Pharmaceuticals, Clayton, Victoria, Australia), 
tetracicline or cresyl violet (AnaSpec, Inc, San Jose, CA, 
United States) stains cell nuclei of  the surface epithelium 
but does not penetrate to deeper layers of  the mucosa[21]. 
Acriflavin is a mutagenic dye and a potential human car-
cinogen, which will likely limit its clinical utility[33]. After 
the contrast administration, the tip of  the confocal en-
domicroscope or miniprobe is positioned in gentle con-
tact with the area of  interest to obtain high-resolution 
confocal images. Accumulated images can be saved for 
postprocedural analysis.
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ENDOCYTOSCOPY
Endocytoscopy (EC) is an ultra magnification technique 
providing images of  surface epithelial structures at cellu-
lar resolution[34-36]. This technique is based on the contact 
light microscopy principle leading to real-time visualiza-
tion of  the cellular structures of  the superficial epithelial 
layer. The technology uses a fixed-focus, high-power ob-
jective lens projecting onto a CCD very highly magnified 
images from a 0.5 mm diameter sample.

Currently we have two kind of  EC instruments, both 
manufactured by Olympus (Tokyo, Japan) and available 
only as prototype devices: (1) The probe-based instru-
ment consists of  2 flexible devices providing ultra-high 
magnification images of  the epithelial surface at 570x 
or 1400x on a 19-inch monitor (or 450x and 1125x 
on a 14-inch monitor); these probes are realized to fit 
through therapeutic channel of  endoscopes (minimum 
3.7 mm) and necessitate contact with the tissue surface 
for imaging[37]; and (2) The endoscope-based instrument 
integrates the EC component within the endoscope. 
Both the upper (103 cm long) and lower (133 cm long) 
prototype provide an image magnification of  580x on a 
19-inch monitor, in addition to having conventional op-
tical magnification and narrow-band imaging capabilities. 
The tip of  the endoscopes is placed in contact with the 
tissue surface to generate endocytoscopic images[38].

Endocytoscopic visualization necessitates treatment 
of  the mucosa with a mucolytic agent, such as N-acetyl-
cysteine, and prestaining with an absorptive agent, such 
as methylene blue (0.5%-1%) or toluidine blue (0.25%). 
Excess staining is washed off  before imaging[39]. EC-
based image criteria for tissue diagnosis and/or classifi-
cation in the esophagus, stomach, and colon have been 
described, but not yet validated prospectively[40-42].

CONCLUSION
The frontiers of  endoscopy continue to widen: the 
development and the implementation of  new technolo-
gies in endoscopic instrumentation is a challenge that 
we seem to have won. Nevertheless, as the experience 
teaches us, not all of  these technologies will be ultimate-
ly integrated into the practice of  digestive endoscopy. 
Some technologies are still experimental or in the proof-
of-concept stage, and some will have a story of  failure 
or prolonged stagnation of  promising concepts. Just a 
few will become viable, showing an important impact on 
diagnosis and treatment of  digestive diseases.

However there is no doubt that this new course of  
gastro-intestinal endoscopy requires knowledge and 
mastery of  implemented technologies and their specific 
terms. The new endoscopist will probably find himself  
closer to the engineering, IT, and technical environment.

We are sure that our professional category, the sci-
entific societies and journals may play an important role 
in organizing a formalized program aimed at supporting 
the approach to technological innovation in endoscopy.
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